
Title Offset-fed UWB antenna with multi-slotted ground plane

Author(s) Sun, YY; Islam, MT; Cheung, SW; Yuk, TI; Azim, R; Misran, N

Citation
The 2011 International Workshop on Antenna Technology
(iWAT), Hong Kong, China, 7-9 March 2011. In Proceedings of
iWAT, 2011, p. 432-436

Issued Date 2011

URL http://hdl.handle.net/10722/140291

Rights International Workshop on Antenna Technology Small Antennas
and Novel Metamaterials (iWAT) Proceedings. Copyright © IEEE.



Offset-fed UWB Antenna with Multi-slotted Ground Plane

Y.Y. Sun*(1), M. Tariqul. Islam(2), S.W. Cheung(1), T.I. Yuk(1), R. Azim(2),(3) and N. Misran(2),(3)

(1) Department of Electrical & Electronic Engineering, The University of Hong Kong, Pokfulam Road,
Hong Kong

Email: [yysun, swcheung, tiyuk]@eee.hku.hk

(2) Institute of Space Science (ANGKASA), Faculty of Engineering and Built Environment
Universiti Kebangsaan Malaysia, 43600 UKM Bangi, Selangor, Malaysia

Email: titareq@yahoo.com

(3) Department Electrical, Electronics and Systems Engineering, Faculty of Engineering and Built
Environment

Universiti Kebangsaan Malaysia, 43600 UKM Bangi, Selangor, Malaysia

ABSTRACT: This paper presents the design and results of an offset feed Ultrawideband(UWB) antenna with
a multiple-slotted ground plane. The antenna consists of a square shaped radiator, a feed slightly offset from
the middle along the radiator side and a ground plane with multiple rectangular slots. Simulation results show
that the antenna can achieve a wide bandwidth from 3.3 to 18 GHz.

1. INTRODUCTION
Broadband and multiband antennas play strong roles in the wireless communications world because

of the increasing demand of high data transmitting rates. Ultra-wideband (UWB) technology, due to the
advantages of low cost, low complexity, low spectral power density, high precision ranging, low interferences
and extremely high data rates, has attracted much attention. Since the Federal Communications Commission
(FCC) allocated 7.5 GHz spectrum from 3.1 to 10.6 GHz for UWB radio applications in 2002 [1], UWB
antennas, as a key component in UWB system, have been widely investigated by many researchers [2-9].
However, the design of efficient and compact size antennas for wideband applications is still a major
challenge. Many microstrip-fed and coplanar waveguide-fed antennas have been reported for UWB
applications [2-9]. These antennas employed either the monopole configuration with different shapes (circular
ring, ellipse, annual ring, triangle, pentagon or hexagon) or the dipole configuration (e.g. the bow-tie antennas)
[2-9]. Some of these UWB antennas did not have planar structures (i.e., their ground planes were
perpendicular to the radiators). As a result, these antennas cannot be easily integrated with the printed circuit
boards.

Numerous methods can be used to increase the bandwidth of UWB antennas, e.g. using thicker
substrate or substrates with lower dielectric constants, employing various feeding techniques and using slot
antenna geometry [10,11]. However, the bandwidth and the size of an antenna are generally mutually
conflicting. Improving one characteristic normally results in degrading the other.

Different techniques can be used to increase the impedance bandwidths of the circular and elliptical
planar monopole antennas, e.g. inserting an additional stub to the one side of the circular patch [12],
increasing the elliptically ratio of ellipse-shaped patch [4], adding slot to one side of the radiating element [13]
and adding steps to the lower edge of the patch [14]. The square shaped antenna fed by a microstrip line,
which has the planar configuration, is a good candidate for wideband applications.

In this paper, a wideband antenna that consists of a square shaped radiator, a feed line slightly offset
from the middle along the side of the radiator and a ground plane with rectangular slots is proposed. Results
show that the proposed antenna can achieve a bandwidth from 3.3 GHz to 18 GHz with Voltage-Standing-
Wave Ratio (VSWR) � 2 and nearly omnidirectional radiation patterns almost over the entire UWB band.

2. ANTENNA STRUCTURE
The geometry of the proposed antenna is shown in Fig. 1. It consists of a square shaped radiator with

an offset feed line and a partial ground plane with rectangular slots. The antenna is fabricated on a low cost
FR4-substrate with a thickness of 1.6 mm, a relative permittivity of 4.6 and a total size of W × L. The square
shaped radiator has an area of WP × LP and the microstrip-fed line is printed on one side of the substrate. The
width of the microstrip-fed line is fixed at wm to achieve 50Ω characteristics impedance. A SMA connector is
connected to the port of the microstrip-fed line. The partial-ground plane with a length of lm is printed on the
other side of the substrate. Some rectangular slots with dimensions 2mm× 1mm and 6mm × 1mm are added to
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the top side of the finite-ground plane to adjust the input impedance characteristics. The antenna has the
following parameters: W = 30 mm, L = 22 mm, WP = 14.5 mm, LP = 14.75 mm, D = 6mm, d = 3mm, wm = 2.6
mm and lm = 7.25 mm. The geometric parameters of this structure can be adjusted to tune the return loss and
bandwidth over a wide range of frequency. The square-shaped radiator is capable of supporting multiple
resonant modes and hence to provide a wider impedance bandwidth. The slots on the partial-ground plane can
be used for improving matching, e.g. by increasing the gap between the radiating element and ground plane.
As a result, the bandwidth is increased and the size of the ground plane is reduced.

(a) Top View (b) Bottom View  (c)Side View
Fig. 1 Geometry of antenna

3. RESULTS AND DISCUSSIONS
The geometry of proposed antenna has been optimized using the EM simulation tool, CST MS 2009

[15]. The antenna has also been prototyped for verification. Fig. 2 shows the simulated and measured return
losses of the antenna. The proposed antenna has an impedance bandwidth from 3.3 to 18 GHz. The
discrepancy between simulation and measurement is mainly due to the solder and inaccuracies during
fabrication. Fig. 3 shows the peak gain of the antenna in the frequency range from 1 to 18 GHz. The antenna
has a maximum gain of 5.2 dBi at 10.1 GHz with an average gain of 2.96 dBi. The radiation efficiency of the
proposed antenna is shown in Fig. 4. The antenna has a maximum radiation efficiency of 91.3% with an
average of 61.7% through the whole bandwidth. At low frequency, the low radiation efficiency of the antenna
is due to the high return loss as shown in Fig. 2. At high frequency, the low readiation efficiency is due to the
high losses in FR4 substrates.

Fig. 5 shows the radiation patterns of the proposed antenna at three frequencies, 4.5, 10.2 and 18
GHz. It can be seen that the H-plane radiation patterns are almost omnidirectional. The E-planes radiation
patterns at 4.5, 10.2 and 18 GHz do not have obvious null which is very different from a normal monopole
antenna. This is due to the antenna being offset fed.

4. CONCLUSIONS
An offset-fed antenna with a multiple-slotted ground plane has been designed and proposed for UWB

applications. The antenna has a compact size of 30 mm × 22 mm and is simple and very easy to be integrated
with microwave circuitry for low manufacturing costs. The use of rectangular slots on the top side of the
partial-ground plane not only improves the impedance matching but also the radiation characteristics in the
high frequency band. The antenna can achieve an impedance bandwidth from 3.3 to 18 GHz with nearly a
constant peak gain. The radiation patterns in the H-plane are almost omnidirectional over the entire frequency
band. There is no obvious null observed in the radiation patterns in the E-plane. The stable radiation patterns
and constant peak gain make the proposed antenna suitable for use in UWB communication systems.

Fig. 2 Simulated and measured return losses
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Fig. 3 Peak gain      Fig. 4 Radiation efficiency

(a)
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(b)

E-plane   (c) H-plane

Fig. 5 Radiation pattern at (a) 4.5 GHz, (b) 10.2 GHz, and (c) 18 GHz

435



References
[1] Federal Communications Commission, Revision of Part 15 of the Commission’s Rules Regarding Ultra-

Wideband Transmission System from 3.1 to 10.6 GHz, in Federal Communications Commission,
Washington, DC: ET-Docket, pp: 98–153, 2002.

[2] D.B. Lin, I. T. Tang, and M. Y. Tsou, “A compact UWB antenna with CPW-fed,” Microw. Opt. Technol.
Lett., vol. 49, pp. 372–375, 2007.

[3] Y. J. Ren and K. Chang, “Ultra-wideband planar elliptical ring antenna,” Electron. Lett., vol. 42, no. 8, pp.
447- 449, 2006.

[4] J. Liang, C. C. Chiau, X. Chen, and C. G. Parini, “Printed circular ring monopole antennas,” Microw. Opt.
Technol. Lett., vol. 45, pp. 372–375, 2005.

[5] Y. J, Ren YJ and K. Chang, “An Annual Ring Antenna for UWB Communications,” IEEE Antennas
Wireless Propag. Lett., vol. 5, no. 1, pp. 274–276, 2006.

[6] J.X. Xiao, M. F. Wang, and G. J. Li, “A ring monopole antenna for UWB application,” Microw. Opt.
Technol. Lett., vol. 48, no. 1, pp. 179–182, 2010.

[7] J. Jung, W. Choi, and J. Choi, “A small wideband microstrip-fed monopole antenna,” IEEE Microw.
Wireless Compon. Lett., vol. 15, no. 10, pp. 703–705, 2005.

[8] J. S. Zhang and F. J. Wang, “Study of a double printed UWB dipole antenna,” Microw. Opt. Technol.
Lett., vol. 50, pp. 3179–3181, 2008.

[9] K. Kiminami, A. Hirata, and T. Shiozawa, “Double-sided printed bow-tie antenna for UWB
communications,” IEEE Antennas Wireless Propag. Lett., vol. 3, no. 1, pp. 152–153, 2004.

[10] M. M. Matin, B.S. Sharif, and C.C. Tsimenidis, “Probe fed stacked patch antenna for wideband
applications,” IEEE Trans. Antennas  Propag., vol. 55, no. 8. pp. 2385-2388, 2007.

[11] S.H. Wi, Y. B. Sun, I. S. Song, et al., “Package-Level integrated antennas based on LTCC technology,”
IEEE Trans. Antennas  Propag., vol. 54, no. 8, pp. 2190–2197, 2006.

[12] K. Ray and Y. Ranga, “Ultrawideband printed elliptical monopole antennas,” IEEE Trans. Antennas
Propag., vol. 55, no. 4, pp. 1189-1192, 2007.

[13] K. Kim and S. Park, “Analysis of the small band-rejected antenna with the parasitic strip for UWB,”
IEEE Trans. Antennas Propag., vol. 54, no. 6, pp. 1688-1692, 2006.

[14] J. Choi, K. Chung, and Y. Roh, “Parametric analysis of a band-rejected antenna for UWB applications,”
Microw. Opt. Technol. Lett., vol. 47, pp. 287-290, 2005.

[15] http://www.cst.com.

436



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


